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DISK TRAY FOR DISK DRIVE ADOPTING
RESONATOR AND DISK DRIVE HAVING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent
Application No. 2002-38664, filed Jul. 4, 2002, 1 the

Korean Intellectual Property Oflice, the disclosure of which
1s incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a disk drive, and, more
particularly, to a disk tray with a resonator to reduce noise
and vibration, such as noise generated during rotation of a
disk.

2. Description of the Related Art

FIG. 1 1s a perspective view of a conventional disk drive.
In general, disk drives are apparatuses for either recording
information on a recording surface of a disk having con-
centric tracks, or reading information from the recording
surface. Referring to FIG. 1, the disk drive records data on
the recording surface of a disk 60 rotating with a linear
velocity, or reads data from the recording surface of the disk
60, by using a data recording/reproducing unit, such as
optical pickup device 40, that slides 1n a radial direction with
respect to the disk 60.

The conventional disk drive typically includes a disk tray
10 on which a disk 1s mounted and loaded, a disk driving
portion 20 to rotate the disk 60, a disk chucking apparatus
30 with a chuck plate 31 and a disk chuck 32, and an optical
pickup device driving portion 50. The disk tray 10 has a
window 11 penetrating the disk tray 10 to facilitate operation
of the disk chucking apparatus 30 and the optical pickup
device 40.

To accurately record or read data on or from the recording,
surface of the disk 60, the light beam emitted from the
optical pickup device 40 must be accurately incident on a
track of the recording surface of the disk 60, and a prede-
termined angle 1s always maintained between the recording,
surface and the optical axis of the light beam emitted from
the optical pickup device 40. However, vibration 1s gener-
ated due to the rotating disk 60 that deteriorates the record-
ing and reproduction feature of the disk drive. Further, as the
rotation speed of the disk drive increases, the vibration
generated during the rotation of the disk 60 impacts reli-
ability in recording and reproduction of data. Also, noise
generated during the rotation of the disk 60 1s unpleasant to
users. Accordingly, reducing or removing the noise and
vibration 1s very important.

The noise and vibration generated during the rotation of
the disk 60 result from friction between a surface of the disk
60 and surrounding air, a difference 1n pressure around the
disk 60, collision of air with the rotating disk 60 and the disk
tray 10 and an inner surface of the disk drive, and turbulence

formed around the disk 60.

The conventional technologies to reduce noise and vibra-
tion 1n disk drives are described below.

Korean Patent Publication No. 2000-75152 discloses
technologies to reduce noise and vibration by filling gaps,
which contribute to the generation of noise, between con-
stituent elements 1n a disk drive with a sound shield or a
sound absorbing member so that the noise 1s not discharged
to the outside, or by forming grooves at predetermined
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intervals 1n a portion of a chucking plate of a disk chucking
apparatus corresponding to the outer circumiferential surface
of a disk (i.e., at the outer circumierence of the chucking
plate), using the mufller effect technology of the automobile
industry.

Also, Korean Patent Publication No. 2001-16753 dis-
closes a technology to reduce noise and vibration that uses
an auto-balancing method of mserting balls 1n a plurality of
races provided 1n a turntable of a disk and moving the balls
in a radial direction by the centrifugal force generated during
rotation of the turntable to compensate for eccentricity of the
turntable.

Also, Korean Patent Publication No. 1999-80545 dis-
closes a noise reduction apparatus to reduce, during rotation
of the disk, air resistance due to the shape of the profile of
a disk, air friction on the upper and lower surfaces of the
disk, collision of air with a wall surface due to a separation
phenomenon at an outer edge of the disk, and noise due to
the flow of turbulence at a high speed. In the noise reduction
apparatus, a plurality of blades are installed on the upper
surface of the disk tray that are separated a predetermined
distance, or a groove or dimple having a screw or vortex
shape 1s formed thereon. Thus, the speed gradient at a
boundary surface on the upper and lower surface of the disk
1s removed and collision of the high speed air flow at the
leading end of the disk 1s prevented so that noise and
vibration due to the flow of the high speed turbulence are
reduced.

However, the conventional technologies focus only on the
reduction of a level of the overall noise. Thus, a highly
cllective noise reduction effect can be obtained by not only
reducing the level of the overall noise, but also by reducing
or removing the most dominant noise frequency of the disk
drive.

SUMMARY OF THE INVENTION

It 1s an aspect of the present invention to provide a disk
drive having a structure that reduces or removes the domi-
nant noise frequency band which occurs at the peak sound
pressure level, from the noise 1 the disk drive, and also to
reduce the overall level of noise.

Additional aspects and/or advantages of the invention will
be set forth 1n part 1n the description that follows and, 1n part,
will be obvious from the description, or may be learned by
practice of the mvention.

To achieve the above and/or other aspects according to the
present invention, there 1s provided a disk tray for a disk
drive that slides 1 and out of the disk drive, the disk tray
including one or more resonators mounted on a lower
surface of the disk tray to selectively reduce noise of a
predetermined frequency band.

To achieve the above and/or other aspects according to the
present invention, there 1s provided a disk drive including a
disk tray that slides 1n and out of the disk drive and on which
a disk 1s placed, a disk driving portion rotating the disk at a
predetermined speed, a disk chucking apparatus holding the
disk on the disk driving portion, a data recording/reproduc-
ing unit recording data on the disk or reproducing data from
the disk, and one or more resonators installed on a lower
surface of the disk tray to selectively reduce noise of a
predetermined frequency band.

Each resonator includes a through hole penetrating the
disk tray and operating as an entrance and a bottle neck of
cach resonator; and a resonance container surrounding the
through hole and having a predetermined volume, the pre-
determined frequency band being determined according to
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an area of a profile of the through hole, a length of the bottle
neck of the through hole, and a volume of the resonance
container.

A bottom surface of the resonance container 1s open.

The resonator further includes an absorbing member
filling the resonance container.

To achieve the above and/or other aspects according to the
present invention, there 1s provided a resonator for a disk
tray of a disk drive, including a through hole penetrating the
disk tray and operating as an entrance and a bottle neck of
the resonator; and a resonance container surrounding the
through hole and having a predetermined volume, the reso-
nator being mounted on the disk tray to selectively reduce
noise of a predetermined frequency band, the predetermined
frequency band being determined according to an area of a
profile of the through hole, a length of the bottle neck of the
through hole, and the volume of the resonance container.

These, together with other aspects and/or advantages that
will be subsequently apparent, reside in the details of
construction and operation as more {fully hereinafter
described and claimed, reference being had to the accom-
panying drawings forming a part thereof, wherein like
numerals refer to like parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the present
invention will become apparent and more readily appreci-
ated from the following description of the embodiments,
taken 1n conmjunction with the accompany drawings, of
which:

FIG. 1 1s a perspective view 1illustrating a conventional
disk drive;

FIG. 2 1s a perspective view 1llustrating a disk tray for a
disk drive with a resonator according to an embodiment of
the present invention and a disk drive having the disk tray;

FIG. 3 1s a graph showing the distribution of sound
pressure level (SPL) with respect to the noise frequency
generated during rotation of a disk in the disk drive of FIG.
2, 1n which a rotation speed of the disk 1n revolutions per
second (rps) 1s used as a parameter;

FI1G. 4 1s a view 1llustrating a resonator to reduce noise in
the disk drive of FIG. 2; and

FIG. 5 1s a view 1llustrating a resonator to reduce noise in
the disk drive of FIG. 2 according to another embodiment of
the present mnvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Hereinafter, an embodiment of the present invention will
be described 1n detail with reference to the attached draw-
ings, wherein the like reference numerals refer to the like
clements throughout. The present invention may, however,
be embodied 1n many different forms and should not be
construed as being limited to the embodiment set forth
herein; rather, this embodiment 1s provided so that the
present disclosure will be thorough and complete, and will
tully convey the concept of the invention to those skilled 1n
the art.

Referring to FIG. 2, a disk drive according to the present
invention mcludes a disk tray 110, a disk driving portion
120, a disk chucking apparatus (not shown), a data record-
ing/reproducing unit such as an optical pickup device 140,
and an optical pickup device driving portion 150.

The disk tray 110 slides 1n and out of the front of the disk

drive and a disk (not shown) 1s placed thereon to be loaded
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or unloaded. The disk driving portion 120 includes a turn-
table (not shown) on which the disk 1s placed and a spindle
motor (not shown) installed under the turntable to rotate the
turntable, which rotates the disk at a predetermined speed.
The disk chucking apparatus 130 includes a magnetic mem-
ber (not shown) attracted to a magnet (not shown) located at
the center of the turntable to fix the disk to a rotation shaft
(not shown). The data recording/reproducing unit records
data on a recording surface of the disk or reproduces data
from the recording surface of the disk. In particular, 1n an
optical disk drive, the data recording/reproducing unit can
be realized by the optical pickup device 140. The optical
pickup device 140 includes a laser diode not shown as a light
source, a collimating lens (not shown) for making a light
beam emitted from the laser diode a parallel beam, a
polarization prism (not shown), a mirror (not shown), and an
objective lens (not shown). The optical pickup device 140
emits a laser beam while sliding 1n a radial direction with
respect to the disk, which is rotating to record data on a
recording surface of the disk or read data from the recording
surface of the disk. Also, the optical pickup device driving
portion 150 includes a motor and gear or belt (not shown)
that make the optical pickup device 140 slide 1n the radial
direction.

The disk drive according to the present invention includes
at least one resonator 170, which selectively reduces noise
ol a particular noise frequency band.

During the rotation of the disk, noise 1s generated due to
friction between the surface of the rotating disk and sur-
rounding air, a difference 1n pressure around the disk,
collision of air generated between the rotating disk and the
disk tray 110 and the 1nner surface of the disk drive, a vortex
generated 1 a window 111 of the disk tray 110, and
turbulence generated around the rotating disk. That 1s, the
constituent elements of the disk drive, such as the disk tray
110, the disk driving portion 120, and the optical pickup
device 140, become sources of noise. As a result, the level
of sound pressure of noise and the noise frequency are
determined by the internal structure of the disk drive and the
arrangement of the constituent elements. Also, a dominant
noise frequency band forming the peak sound pressure level
1s present in noise generated during the rotation of the disk
according to a particular internal structure of the disk drive.

FIG. 3 shows an example of a graph of the distribution of
sound pressure level (SPL) with respect to the noise fre-
quency generated during rotation of the disk 1n the disk drive
according to the present invention, in which the rotation
speed of the disk in revolutions per second (rps) 1s used as
a parameter. In FIG. 3, the difference in the level of sound
pressure according to the disk rotation speed (rps) 1s arbi-
trarily indicated to prevent overlap of graphs. Accordingly,
in FIG. 3, a comparison of the level of sound pressure
between the various disk rotation speeds 1s not useful.
However, the magnitude of the noise frequency where the
peak sound pressure level appears 1n the data with respect to
a particular disk rotation speed 1s important, and the present
invention reduces the sound pressure level corresponding to
the dominant noise frequency band.

Referring to FI1G. 3, 1t can be seen that the noise frequency
indicated by the peak sound pressure level appears around
1000 Hz and 1700 Hz, regardless of the disk rotation speed.
Thus, the noise can be reduced by installing a resonator to
absorb or reduce the noise frequency band where the peak
sound pressure level occurs.

The conventional technologies for the reduction of noise
in a disk drive reduce the overall level of noise generated 1n
the disk drive. However, the present imvention focuses on
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searching for the noise frequency band where the peak
sound pressure level generated 1n the disk drive occurs and
selectively reducing noise in the noise frequency band.

FI1G. 4 illustrates a resonator 170 having a circular profile,
for example, to reduce noise 1n a disk drive according to one
embodiment of the present invention. The resonator 170 of
the present invention selectively reduces or removes noise
within a particular noise frequency band and 1s described
below.

In a box having an arbitrary geometrical shape and a
certain volume, a resonance phenomenon occurs as the
sound pressure level 1s amplified at a particular noise
frequency, that 1s, at a resonance frequency. The arbitrary
geometrical shape generating a resonance phenomenon 1s
referred to as a resonator.

For example, the tone of the sound generated when
blowing 1nto a bottle filled with water, differs from the tone
of the sound generated when blowing mto an empty bottle.
The tone 1s determined by the amount of air space and the
s1ze of the bottle neck. That 1s, because the air space of the
bottle decreases with the addition of water, the resonance
frequency increases, which increases the tone.

A noise absorber referred to as a Helmholtz resonator uses
the principle described above. The Helmholtz resonator
includes a container having a specific volume with a bottle
neck shorter than the resonating wave length.

When a sound wave 1s input to the resonator, air in the
bottle neck becomes compressed and oscillates. However,
the sound wave does not enter the closed space 1n the bottle,
but 1s pushed back out of the bottle through the bottle neck.
The frequency oscillated by a repulsive force 1n the closed
space and bottle neck due to the mnput sound pressure level
has the same frequency as that of the mnput sound wave at the
entrance of the bottle neck, but has a reverse phase gener-
ating canceling interference. Thus, sound energy i1s con-
verted to thermal energy to reduce the sound pressure level
of the resonance frequency and provide a frequency selec-
tive absorption feature. In other words, air 1n the bottle neck
begins to resonate such that interference occurs, causing
frequency cancellation for a specific frequency.

As shown 1n FIG. 4, the air of a through hole 172, which
1s analogous to a bottle neck, of the resonator 170 functions
as mass, while the volume of a resonance container 174
functions as a spring. Thus, as the natural frequency of a
mechanical system 1s determined by a mass and a spring, the
resonance frequency of the resonator 170 1s determined by
the volume of the through hole 172, which i1s a bottle neck,
and the volume of the resonance container 174. That 1s, the
resonance frequency of the resonator 170 1s determined by
the following equation.

[-V

In the equation, 1 1s the resonance frequency, ¢ 1s the
velocity of sound, A 1s the area of the entrance of the
resonator, 1 1s the length of the through hole that 1s a bottle
neck of the resonator, and V 1s the volume of the resonance
container.

The resonance noise frequency of the resonator 170
corresponding to the natural frequency 1s determined by A,
1, and V. Here, the specific shape of the resonator 170 does
not affect the resonance frequency. Thus, 11 the profile of the
resonator 170 1s not circular, but if the area A of the entrance
of the resonator 170, the length 1 of the bottle neck, and the
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volume V of the resonance container 174 are the same, an
identical resonance noise frequency can be obtained. That 1s,
the entrance of the resonator 170, the bottle neck portion,
and the profile of the resonance container 174 do not need
to be circular.

In general, the Helmholtz resonator has a superior effect
on reduction of noise in the middle or low frequency band,
rather than 1 a high frequency band. However, when filled
with a noise absorbing member such as a porous member,
the Helmholtz resonator reduces a high frequency band.
Thus, by filling the resonance container 174 with a porous
member, for example, a sponge, the Helmholtz resonator can
absorb a range of frequencies above I, where 1 1s the
frequency absorbed without the sponge, as indicated by the
equation above. For example, referring to FIG. 3, a resonator
without the sponge will reduce the SPL within a relatively
low frequency band, whereas a resonator with the sponge
will reduce the SPL within a lhigher frequency band.

FIG. 3§ illustrates another embodiment of the resonator
used to reduce noise 1n a disk drive according to the present
invention. Referring to FIG. 5, the bottom surface of the
resonance container 174' 1s open, and a porous member 180
f1lls the resonance container 174' through the bottom surface
thereof. The porous member 180 functions as the bottom
surface of the resonance container 174', while noise in a
relatively large frequency band is reduced.

As described above, 1n the disk tray 110 for the disk drive
using a resonator 170 according to the present invention and
the disk drive having the disk tray 110, the dominant
resonance noise Irequency band where the peak sound
pressure level occurs can be effectively reduced or removed.

Also, by filling the resonance container 174" with a porous
member 180, the high frequency noise band and the overall
noise level can be reduced.

Although embodiments of the present invention have
been shown and described 1t will be appreciated by those
skilled 1n the art that changes may be made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which 1s defined in the
claims and their equivalents.

What 1s claimed 1s:

1. A disk tray for a disk drive that slides 1in and out of the
disk drive, the disk tray comprising two or more resonators
mounted on a lower surface of the disk tray to selectively
reduce noise of at least two predetermined frequency bands
that correspond to dominant noise frequency bands above
200 Hz,

wherein each of the two or more resonators comprises:

a through hole penetrating the disk tray and operating as
an entrance and a bottle neck of each resonator; and
a resonance container surrounding the through hole and
_laVIIlg a predetermined volume, the predetermined
frequency band being determined according to an area
of a profile of the through hole, a length of the bottle
neck of the through hole, and a volume of the resonance
container,
wherein the each resonator further comprises an absorb-
ing member filling the resonance container to selec-
tively reduce noise of one of the at least two predeter-
mined frequency bands, and
wherein the absorbing member 1s a porous material.
2. The disk tray according to claim 1, wherein a bottom
surface of at least one of the resonance containers 1s open.
3. A disk drive comprising;:
a disk tray that slides 1n and out of the disk drive and on
which a disk 1s placed;
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a disk driving portion rotating the disk at a predetermined
speed;
a disk chucking apparatus holding the disk on the disk
driving portion;
a data recording/reproducing unit recording data on the
disk or reproducing data from the disk; and
two or more resonators installed on a lower surface of the
disk tray to selectively reduce noise of at least two
predetermined frequency bands that correspond to
dominant noise frequency bands above 200 Hz,
wherein each of the two or more resonators comprises:
a through hole penetrating the disk tray and operating as
an entrance and a bottle neck of each resonator; and
a resonance container surrounding the through hole and
_1aV111g a predetermined volume, the predetermined
frequency band being determined according to an area
of a profile of the through hole, a length of the bottle
neck of the through hole, and a volume of the resonance
container, and
wherein each resonator further comprises an absorbing
member {illing the resonance container to selectively
reduce noise of one of the at least two predetermined
frequency bands, and
wherein the absorbing member 1s a porous material.
4. The disk tray according to claim 3, wherein a bottom
surface of at least one of the resonance containers 1s open.
5. A resonator system having a plurality of resonators for
a disk tray of a disk drive, each of the resonators comprising:
a through hole penetrating the disk tray and operating as
an entrance and a bottle neck of the resonator; and
a resonance container surrounding the through hole and
having a predetermined volume, the resonator being
mounted on the disk tray to selectively reduce noise of
a predetermined frequency band, the predetermined
frequency band being determined according to an area
of a profile of the through hole, a length of the bottle
neck of the through hole, and the volume of the
resonance container;
wherein each of the resonators converts sound energy to
thermal energy to reduce a sound pressure level of a
resonance Irequency to selectively absorb a specific
frequency;
wherein at least two of the resonators respectively reduce
noise of two different frequency bands that correspond
to dominant noise frequency bands above 200 Hz, and
wherein at least one of the resonators further comprises an
absorbing member filling the resonance container to
selectively reduce noise of a frequency band higher
than the predetermined frequency band and the absorb-
ing member 1s a sponge.
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6. A resonator for a disk tray of a disk drive, comprising;:

a through hole penetrating the disk tray and operating as
an entrance and a bottle neck of the resonator; and

a resonance container surrounding the through hole and
having a predetermined volume, the resonator being
mounted on the disk tray to selectively reduce noise of
a predetermined frequency band, the predetermined
frequency band being determined according to an area
of a profile of the through hole, a length of the bottle
neck of the through hole, and the volume of the
resonance container;

wherein the resonator converts sound energy to thermal
energy to reduce a sound pressure level of a resonance
frequency to selectively absorb a specific frequency;
and

wherein the resonator further comprises an absorbing
member {illing the resonance container to selectively

reduce noise of a frequency band larger than the
predetermined frequency band,

wherein the absorbing member 1s a porous member.

7. The resonator according to claim 6, wherein the porous
member 1s a sponge.

8. A disk tray for a disk drive that slides 1n and out of the
disk drive, the disk tray comprising two or more resonators
mounted on a lower surface of the disk tray to selectively
reduce at least two peak sound pressure levels that are above
200 Hz, wherein the peak sound pressure levels correspond
to dominant noise frequency bands,

wherein at least one resonator 1s a Helmholtz resonator
comprising an absorbing member filling a resonance
container surrounding a through hole and having a
predetermined volume, wherein the absorbing member
1s a porous material, the resonator being mounted on
the disk tray to selectively reduce noise of a predeter-
mined frequency band, the predetermined frequency
band being determined according to an area of a profile
of the through hole, a length of the bottle neck of the
through hole, and the volume of the resonance con-
tainer,

wherein air 1n the bottle neck begins to resonate to cause
interference that causes frequency cancellation for a
frequency larger than the predetermined Irequency

band.



	Front Page
	Drawings
	Specification
	Claims

